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Short-time exposure to swine dust causes an intense inflammation of upper and lower airways and induces
increased bronchial responsiveness to methacholine in previously non-exposed healthy volunteers. The objective
to this study was to investigate the nasal inflammatory response and mucosal reactivity to swine dust exposure and
whether nitric oxide metabolism is involved in the inflammatory process.
Nitric oxide in expired air, nasal histamine test (NH), nasal lavage (NAL) and bronchial histamine challenges
were studied before and after a 3 h exposure to swine dust in a swine confinement building in 17 non-smoking
healthy subjects not previously exposed to farm dust. To detect any interference between NAL and NH,
the subjects were divided into two groups: in group 1, NAL was performed after NH and in group 2, NAL
preceded NH.
Nasal histamine response increased significantly in group 1, but not in group 2 (P=0?012). Albumin levels in
NAL were higher before as well as after dust exposure in group 1 compared to group 2 (P=0?036 and 0?015
respectively). Bronchial histamine responsiveness increased following exposure (P=0?045). Nitric oxide in expired
air decreased following bronchial histamine challenge at baseline (P=0?013) but was otherwise unaltered.
Short-time exposure to swine dust increases non-specific reactivity of both nose and bronchi. Nasal lavage
procedure interferes with nasal histamine test when performed with connection to each other. The inflammatory
reaction may involve NO metabolism.
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Inhalation of swine dust is known to cause an intense
inflammation of upper and lower airways and a systemic
reaction including fever and blood leukocytosis in pre-
viously non-exposed healthy volunteers (1,2). It also
induces increased bronchial responsiveness to methacholine
(3). Endotoxin has been proposed as the causative agent,
but there is strong evidence suggesting that other compo-
nents contribute to the response (4,5).
The inflammatory reaction is characterized by an
increased number of neutrophils in nasal (NAL) as well
as in bronchoalveolar lavage fluid (BAL). Concomitantly,Received 22 February 2000 and accepted in revised form 9 June
2000. Published online 12 September 2000.
Correspondence should be addressed to: Karl-Gustav Ko¨lbeck,
Department of Respiratory Medicine and Allergology, Huddinge
University Hospital, SE-141 86 Stockholm, Sweden.
0954-6111/00/111065+08 $35?00/0an increased concentration of cytokines (IL-1a, IL-1b, IL-6,
TNF-a and IL-8) has been found in nasal lavage (NAL)
and BAL-fluid (2,6).
Results from studies of asthma and ARDS indicate that
nitric oxide (NO) may have a role in inflammatory diseases
of the airways (7). In a recently published study, nasal
challenge with swine dust produced a slight increase in
nasal NO concentration (8). The role for NO in lower
airways after swine dust exposure is unknown.
Rhinostereometry is an optical method that directly
measures changes in the degree of mucosal congestion in
order to detect the nasal response. We have previously
demonstrated that this method allows assessment of nasal
mucosal reaction during histamine challenge with a high
reproducibility (9,10). Nasal lavage with saline and nasal
histamine challenge might interfere when performed
together. Histamine challenge is known to induce plasma
leakage in the nasal mucosa (11) and influence of the NAL
procedure on nasal histamine response and vice versa with# 2000 HARCOURT PUBLISHERS LTD
1066 K.-G. KO¨LBECK ET AL.the present provocation model seems likely but is so far not
studied.
AIMS
The aim of the present study was to measure changes in
nasal histamine response due to swine dust exposure and
compare it with findings for NAL, lung function and
bronchial responsiveness and to determine whether NO is
involved in dust induced airway inflammation. In addition,
the interference between NAL procedure and nasal
histamine challenge was studied.
Material and methods
STUDY GROUP
Seventeen, non-smoking healthy subjects (eight men), mean
age 26 (range 17–32) years, not previously exposed to farm
dust participated in the study. They had no history of
allergy or asthma and no signs of airway disease at medical
examination. All gave their informed consent and the study
was approved by the Ethics Committee of the Karolinska
Institute.
STUDY DESIGN
To study the influence of nasal lavage (NAL) on nasal
histamine provocation test (NH) and the reverse, the
subjects were randomized into two groups. Group 1
consisted of four men and four women, mean age 25
(range 18–32), and group 2 of four men and five women,
mean age 27 (range 17–32). At the first study day, NAL was
performed 1 h after NH (group 1) or 1 h before NH (group
2). A NAL in group 1 and NH in group 2 were performed
later and served as baseline values (together with NAL in
group 2 and NH in group 1 day 1). On day 2, all subjectsFIG. 1. Study design. NAL: Nasal lavage; NH: nasal
histamine provocation test; NO: measurement of exhaled
nitric oxide; spiro: dynamic spirometry; BH: bronchial
histamine provocation test.underwent a dynamic spirometry, a bronchial histamine
test and measurements of NO in expired air.
One week after the initial tests the individuals were
exposed to swine dust for 3 h in a swine confinement
building containing approximately 700–900 swine. During
the exposure, the participants assisted in guiding the pigs
through weighing boxes, a procedure causing a consider-
able agitation of dust. Two to four subjects were exposed at
each weighing occasion and dust exposure measurements
were performed simultaneously.
Two to 3 h after exposure, dynamic spirometry and
measurements of NO in expired air were repeated, and NH
and NAL were performed in the same sequence as before
exposure.
The day after exposure, lung function, bronchial
histamine test and NO-measurements were performed.
The study design is summarized in Fig. 1.
DUST EXPOSURE MEASUREMENTS
Inhalable (510mm) and respirable (55mm) dust was
sampled by two accompanying individuals exposed at the
same occasion using equipment described elsewhere (12).
Inhalable dust and the respirable dust were measured by
weighing (Mettler1 ME 22 balance; Mettler, Greisensee,
Switzerland) after 24 h conditioning and compared with a
reference filter.
Endotoxins were extracted from filters by shaking in
10ml of pyrogen-free water for 60min. The extracts were
centrifuged for 10min at 1000 g and the supernatants were
frozen at 7708C until analysis. Endotoxin was measured
after dilution with a chromogen version of Limulus
amebocyte lysate assay (QCL-1000; Endotoxin, Bio Whit-
taker, Walkersville, U.S.A., with Escherichia coli 0111:B4
as standard).
LUNG FUNCTION TESTS AND
BRONCHIAL HISTAMINE PROVOCATION
FEV1, FVC and PEF were measured in a standing position
with a Vitalograph ALPHA II (Fo¨rbandsmaterial AB,
Partille, Sweden). According to the statement of the ATS
(13), the best values from at least three exhalations were
used.
Bronchial responsiveness was measured by a histamine
provocation test. The details of the procedure have been
described previously (10). After baseline measurements of
PEF (best of three measurements), the subject inhaled
histamine free phosphate buffer solution followed by
increasing concentrations of histamine in doubling doses
from 0.13 to a maximum of 16mgml71. The test was
stopped when PEF had decreased by 20% or more
compared to baseline. The histamine concentration (PC20)
that provoked a 20% fall of PEF was calculated by
linear interpolation of the last two points on the non-
cumulative concentration–response curve. For the statisti-
cal analyses, PC20PEF values were divided into eight classes:
values of 16mgml71, 8–15?9mgml71, 4–7?9mgml71,
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0?49mgml71 and 50?25mg ml71.
NASAL HISTAMINE TEST
Recordings of the nasal response were made by
rhinostereometry. The measuring apparatus for rhinoster-
eometry consists of a surgical microscope placed
on a micrometer table. The table is attached to a frame
and is movable in three angular directions defining
a three-dimensional co-ordinate system. The nasal cavity
is placed in the co-ordinate system when the patient
to be examined bites down on an individually made
tooth splint fixed to the frame. The ocular of the
microscope is equipped with a horizontal millimetre
scale. The nasal cavity is viewed through the ocular,
and as the microscope has a small depth of focus, changes
of the position of the medial side of the inferior concha
can be registered in the plane of focus of the microscope
along the millimetre-scale. The accuracy of the method
is +0?18mm. The method is described and evaluated
in detail elsewhere (14–16).
Before nasal challenge, the position of the medial
side of the inferior concha was followed on both sides
of the nose during an acclimatization period in the
test room of at least half an hour, to establish the
baseline positions. Then 0?14ml of histamine free
phosphate buffer was applied to the part of the mucosal
surface studied on one side of the nose. The surface
position was registered 5min after the challenge. At
10min the mucosal position again was determined
and 0?14ml of 0?5mgml71 histamine solution was
applied to the part of the mucosal surface studied on
one side of the nose. The measuring procedure was
continued using stepwise doubling concentrations up
to 4mgml71.
For statistical analyses of nasal swelling we calculated
area under the curve (AUC) for the individual swelling
curves.
NASAL LAVAGE
We used a procedure for nasal lavage previously described
by Bascom and Pipkorn (17) with minor modifications. The
subject was seated with the neck flexed to an angle of
approximately 458 and closed the soft palate while 5ml
0?9% NaCl was instilled into one nostril, using a needleless
syringe. After 10 sec, the neck was flexed forwards and the
liquid was expelled into a plastic basin, which was placed
on ice during processing. The procedure was repeated on
the other side.
The volume of the combined lavage portions were
measured and centrifuged at 200 g for 10min at 48C and
the supernatant was frozen at 7708C until analysis. The
pellet was resuspended in 0?9% NaCl with 0?1% human
serum albumin. The cells then were counted in a Bu¨rker
chamber and the cell concentration in recovered lavage
fluid was calculated.Human serum albumin (HSA) was measured using
inhibition ELISA (enzyme linked immunosorbent assay)
developed at our laboratory (2). The lower detection limit
for HSA was 0?11mgml71.
Interleukin-8 was measured in duplicate with an
ELISA method using commercial available antibody pairs
[capture antibody (MAB208), detection antibody
(BAF208) and standard (208-IL-101), R&D Systems
Europe, Abingdon, U.K.]. The lower detection limit of
the assay was 25 ng l71. An intra-assay CV510% and
inter-assay CV of 520% was accepted for duplicate
samples.
NO IN EXPIRED AIR
The volunteers were placed in an upright position and
breathed normally through a mouthpiece connected to
a circuit that contained a unidirectional valve and
two polyethene bags. This system created a positive
pressure that served to close the velum thereby
separating the oral and nasal cavity in order to exclude
nasal NO contamination of sampled gas. A large volume
bag filled with breathing air from a gas tank containing
less than 0?5 ppb (0?4 ng l71 ) of NO (AGA, Stockholm,
Sweden) was used as a reservoir for inspiratory gas.
The subjects where told to breath normally on resting
level. Tidal and minute volume were measured with a
low resistance flow meter (AO1435, Dra¨ger, Lu¨beck,
Germany) and held as constant as possible through-
out the study. The collection was made over approxi-
mately 4min in two separate bags, repeatedly tested
for leakage. The bags were immediately shaken and
connected to the analyser (Nitrogen Oxide Analyser Model
8841, Lear Siegler Measurements Controls Corporation,
CO, U.S.A.).
The calibration of the analyser was assessed by serial
dilutions of certified tank gas (NO 10?3 ppm, AGA,
Stockholm, Sweden) with pure nitrogen using a 3 l
calibration syringe (Sensor Medics Corporation, U.S.A.).
Pure nitrogen and 100% oxygen were routinely used to
verify zero NO concentration. The analyzer was linear
within a range of 0 to 200 ppb and the detection limit was
found to be less than 0?5 ppb.
Statistics
We used Statistica1 (Stat Soft, Inc.) for statistical analysis.
Student’s t-test was used for comparison of dust exposure
and lung function variables. Otherwise non-parametric
statistics were used. Wilcoxon matched pair test was used
for within group comparison and Mann–Whitney U-test
between groups. Repeated measurements were analysed by
Friedman’s ANOVA. Correlation was calculated by
Spearman’s rank order correlation test. Data were ex-
pressed as median (25th–75th percentile or mean+SD unless
otherwise stated. Values of P50?05 were considered
statistically significant.
FIG. 2. Results of bronchial histamine tests before and
after swine dust exposure (n=17). PC20PEF values in mg
histamine/ml (P=0?045, Wilcoxon matched pair test).
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EXPOSURE MEASUREMENTS
Mean concentration (SD) of inhalable dust was 31?4 (9?8)
mgm73 in group 1 and 27?19 (10?4) mgm73 in group 2,
with endotoxin content of 0?88 (0?36) and 0?76
(0?39)mgm73 (n.s.). The concentration of respirable dust
was 1?34 (0?74) mgm73 in group 1 and 1?04 (0?62) mgm73
in group 2, with endotoxin content of 0?086 (0?048) and
0?074 (0?051) mgm73 (n.s.).
LUNG FUNCTION TESTS AND
BRONCHIAL HISTAMINE PROVOCATION
Results of spirometry are shown in Table 1. Compared with
baseline, FEV1 and FVC were significantly lower at 3 and
24 h following exposure (P50?002). PEF was significantly
lower compared to baseline 3 h after exposure (P50?005).
PC20 PEF decreased significantly following swine dust
exposure (P50?045, Fig. 2).
There were no significant differences between group 1
and 2 in any lung function parameter or PC20PEF.
NASAL HISTAMINE TESTS
All individuals completed the tests except one individual in
group 2, where the post-exposure test is missing for
technical reasons. The results of measurements of nasal
mucosal swelling during histamine challenge are shown in
Fig. 3. In group 1 (n=8), mean value of AUC (SEM)
calculated from individual swelling curves was 25?93
(12?74) before and 96?13 (26?72) after exposure
(P=0?012, Wilcoxon matched paired test). In group 2
(n=8), mean value at baseline was 48?17 (11?12) and post
NH 58?72 (16?93) before and 31?56 (16?07) after swine dust
exposure (n.s).
We found no significant correlation between PC20PEF
and nasal reactivity before or after dust exposure in
group 1.
NASAL LAVAGE
Nasal lavage data are shown in Fig. 4. Dust exposure
induced a significant increase in number of cells, IL-8 and
albumin concentrations compared with pre-exposure values







FEV1 (l) 3?90 (0?74) 3?53 (0?72) 3?67 (0?72)
FVC (l) 4?96 (1?15) 4?76 (1?16) 4?83 (1?16)
PEF (lmin71) 544 (107) 493 (101) 529 (110)count were obtained from 9/17 individuals at baseline,
showing median 27% neutrophils (3–92%) and in 16/17
individuals after exposure showing median 96% neutro-
phils (10–100%). Albumin concentration in NAL fluid
obtained after nasal histamine test was significantly higher
than baseline in group 1 (P=0?025). Total cell count or IL-
8 concentration did not differ in this respect (P=0?12 and
0?88 respectively). Values of albumin in lavage fluid were
higher before as well as after dust exposure in group 1 (post
NH values) compared with group 2 (P=0?036 and 0?015,
Mann–Whitney U-test). Otherwise no significant differ-
ences were found between the groups.
Airborne respirable dust correlated significantly with
increase in IL-8 levels (Spearman r=0?58,P=0?015),
albumin concentrations (r=0?57 P=0?017) and total cell
count (r=0?6,P=0?012) in NAL fluid.
NO IN EXPIRED AIR
Levels of NO in expired air were similar under basal
conditions before, immediately after and 24 h after ex-
posure to swine dust, but NO values after histamine
inhalation before exposure was significantly lower
(P=0?004, Friedman ANOVA). However, whereas
histamine inhalation significantly decreased NO in expired
air when performed before dust exposure (P=0?013,
Wilcoxon matched pair test), this decrease was significantly
FIG. 3. Histamine induced nasal mucosal swelling. Mean values +/7 SEM. (a) Group 1 (n=8) before (–*–) and after
(—&—) swine dust exposure, histamine challenges performed prior to NAL (P=0?012, calculations of AUC, Wilcoxon
matched pair test). (b) Group 2 (n=9) before swine dust exposure. Baseline values (–*–) and values after NAL (–&–) (n.s.).
(c) Group 2 (n=8) before (–*–) and after (–&–) swine dust exposure, histamine challenges performed after NAL (n.s.).
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after dust exposure (P=0?0036, Wilcoxon matched pair
test) (Fig. 5).
There was a weak inverse correlation between NO levels
and PC20 the day after exposure (Spearman
r=70?57,P=0?015). Before exposure no such correlation
was found (Spearman r=0?43,P=0?086). No other correla-
tions were found between NO in expired air and the
inflammatory manifestations measured in nasal lavage(data not shown). There were no significant differences
between group 1 and 2 in any NO variable (Mann–Whitney
U-test, data not shown).
Discussion
In the present study it has been demonstrated that short
time swine dust exposure induces increased bronchial and
FIG. 4. Nasal lavage data obtained before and after swine dust exposure. Median and 25th–75th percentiles. *denotes
P50?05, **denotes P50?01. &=group 1 values, &=group 2 values. (a) Total cell counts, cells 106 l71; (b) Albumin
concentration, mg l71; (c) IL-8 concentration, ng l71.
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Swine dust exposure has previously been shown to increase
bronchial responsiveness to methacholine approximately
10-fold in healthy subjects (1,3). We used histamine
chloride, since it has been used in previous studies with
the present nasal challenge method (9,10,15,16). In the
nose, the correlation between histamine and methacholine
tests seems to be poor (18). On the other hand, there is a
close correlation between methacholine and histamine
responsiveness in asthma (19,20). The increase in bronchial
histamine reactivity in the present study was only moderate
and not in the same magnitude as the methacholineresponsiveness found in previous studies. The present
results indicate that the mechanisms of hyperresponsiveness
in asthma may be different from the increased bronchial
responsiveness found after swine dust exposure.
Nasal challenge has been more dicult to standardize
than bronchial challenge (21). Using the present method for
nasal challenge, patients with non-allergic perennial rhini-
tis, patients with allergic rhinitis studied out of season and
people living in sick building areas have been found to have
an increased histamine sensitivity as compared with
normals (10,15,16). This challenge model thus seems to be
a useful and relevant tool in investigating nasal mucosal
FIG. 5. NO-levels in expired air (ppb), mean values +SEM.
** denotes P50?02, *** denotes P50?005. Baseline:
basline values; hist: values post-bronchial histamine test
before dust exposure; exp: values 3 h after dust exposure;
24 h: values the day after exposure; hist 24 h: values after
bronchial histamine test the day after exposure.
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present study the pre-post-exposure difference in histamine
induced nasal swelling was significant only in group 1, i.e.
when challenges were performed without preceding nasal
lavage. With NAL procedure, dust particles are probably
effectively washed out and, in addition, it may induce
sneezing, which further stimulates dust clearance from the
nasal cavity. Furthermore, isotonic saline may have some
biological properties. Saline nasal drops traditionally are
used as an anticongestant in paediatrics and in a recent
study of wood workers, treatment with saline lavages
improved nasal symptoms (22). These factors would
probably explain why no change in histamine sensitivity
following dust exposure was detected in group 2, where
NAL was performed 1 h prior to the nasal histamine test.
The mechanisms for the increased nasal histamine sensitiv-
ity remains unclear. Recent studies of nasal mucosa in vitro
after diesel exhaust provocation indicate that increase in
nasal histamine sensitivity is due to upregulation of
histamine receptors in epithelial and other cells of the nasal
mucosa (23).
Histamine is a potent vasodilator, inducing plasma
leakage from nasal mucosal capillaries. Alpha 2-macro-
globulin in NAL-fluid has been regarded as the main index
of microvascular-epithelial exudation of bulk plasma (11).
In a study of allergic rhinitis patients, a strong correlation
was found between albumin and a2-macroglobulin
concentrations in NAL fluid collected in connection to
histamine challenges, indicating that albumin in this setting
might serve as a marker of plasma leakage as well (24). In
the present study, the increased albumin concentration in
NAL fluid collected after nasal histamine challenge
compared to baseline in group 1, and the differences in
albumin concentration between the groups are probablyexplained by a histamine induced increase in plasma
leakage. However, dust exposure produced a marked
increase in the albumin concentrations of both groups
and plasma leakage thus probably mainly reflects the
involvement of the microvascular endothelium by the
inflammatory reaction. There were no differences between
the groups concerning total cell content or IL-8 concentra-
tion in NAL fluid, thus histamine did not influence other
inflammatory parameters than vascular permeability.
Swine dust exposure did not affect exhaled NO measured
under basal conditions. This is in contrast with the findings
in asthma (7,25). However, NO levels in expired air may
not always change even when an increased NO production
can be demonstrated by other means (25). A previous study
on patients with allergic rhinitis have shown a decrease in
expired NO after methacholine induced bronchospasm
(26). In the present study, we found a similar pattern in NO
after histamine inhalation. The profound decrease in
expired NO induced by bronchial histamine challenge
before swine dust exposure was abolished when measured
under the same conditions after exposure. This could
indicate that the swine dust exposure did enhance the
propensity of the NO-synthase (NOS) present in alveoli and
bronchi to form NO under certain conditions (27).
However, several other mechanisms are also conceivable.
Furthermore, the absence of a detectable increase in NO
expired under basal conditions after dust exposure would
argue against an induction of bronchoalveolar NOS.
In accordance with previous studies we could not
demonstrate a correlation between the occurrence of non-
specific reactivity in the upper and lower airways (9,10,28).
Due to the small number of data available for such an
analysis in the present study (n=8), this however was not
expected. In spite of that, the results of the present study
together with similar studies indicate that inflammatory
changes in the nasal mucosa correspond with changes in
lower airways, and that nasal studies may be important in
exploring both upper and lower airways disease in various
conditions (2,6,9,10).
In conclusion, 3 h exposure to dust in a swine house,
known to induce lower airways inflammation and hyperre-
sponsiveness, causes corresponding consequences in the
nasal mucosa, suggesting that nasal tests may be useful in
experimental and clinical studies of airway disease. In the
present setting, nasal lavage procedure and nasal histamine
test interfere with each other and cannot be performed
together. Finally we found no effect of swine dust exposure
on basal levels of exhaled NO indicating that broncho-
alveolar NO production may not be a major mediator in
the present type of dust induced inflammation.
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